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“Maintenance Revolution”,
Developed Machinery Maintenance Technology in Steelmaking Plant
Pointing at the 21st Century
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Synopsis:

In iron and steel industry, which is composed of equipment in large scale, equipment maintenance technology is a sig-
nificant fundamental technology of exerting an influence upon the operation efficiency of the equipment. This report
firstly summarizes the trend of the equipment maintenance technology developed by Kawasaki Steel. And herein subse-
quently described is “maintenance revolution” of aiming at significant developments in maintenance technology for
mechanical equipment, which has been initiated for the purpose of constructing a basis for securing unshakable high prof-
its for the iron and steel industry under the recent business management environment. The “maintenance revolution” is
an activity with the intention of establishing a new equipment maintenance technology, which is more efficient than the
conventional ones, by developing and organizing in-company individual technologies comprising arts in search for appro-
priate machine elements, machine materials and equipment diagnosis applicable to respective equipment condition in use
in the iron and steel industry. In this paper, developments and the perspective of equipment maintenance technology in
the future are also discussed by citing examples.
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Fig. 1 Trend of economy and crude steel production

(1) To maximize total operation hours
(a} ‘To enlarge the periodical repair work interval
(b) To minimize the term of annual maintenance
{c) To minimize the MTTR (Mean time to repair}

(2) To minimize the maintenance cost
(@ To prokng service Jife of equipments and parts
(b} To maximize the job efficiency

{3} To renew or revamp the existing equipment
(To minimize the investment cost)

L

World's most competitive steel works

(1) Stable operation
{To maximize the availability and quality)
(2) To achieve the effects of new process production

Fig. 2 Philosophy of maintenance in Kawasaki Steel

1980~
Countermeasure for
troubles

and standardization

Improved
maintenance

Advanced
maintenance

1990-1994
—Achieving high efficiency
stable production by core
technology

°  Maintenance
innovation

A . Maintenance
revolution
————————— 195

Investment cost performance

1995-1998

Repair time (Downtime + scheduled shut down)

Fig. 3 Progress of equipment technology
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Table 1 Periodical plant shut down interval

BF LD HOT TCM
Iron- Steel- Hot Cold
making making rolling rolling
Improvement
maintenance | 3months 4 weeks  2weeks 2 weeks
(—1990)
Advanced
maintenance 3 months 6 weeks 2 weeks 4 weeks
(1990~—1994)
Maintenance
innovation 6 months 8§ weeks 3 weeks 8 weeks
(1995~—1998)

- Saturated demand in steel product
- Moving up of NIES

- Appreciation of yen

- Japan’s economic “Bubble”

- Classification by customers

v

An age of mega-compefition or survival

- Acceleration of restructuring
; Minimization of employee, assets
Cost-down
- The most effective use of stock
; Selection and concentration of assets
- Technological development

< =

« Customer loyalty

- Steel industry with high revenue,

- Development in the Pan Pacific region
+ Corporate culture improvement

Fig. 4 Circumstances of administration around steelmaking
companies 1n Japan
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{1} Quantitative monitoring on machine conditions
(Vibration, temperature, torque, eic.)

(2) Severe control of machine accuracy

(3) High reliability
+ Mechanical parts

(4) High maintainability

Extension above established technology
to group companies world-wide

Fig. 5 Aim of maintenace to the 21st centry

Core technologies available
for world-wide extension

Maintenance
revolution region

e

o Advanced
& | maintenance -
E {technologies for
A conforimed equipment
% makers’ technologies
o to real operating
2 conditions)
é Improved
"g maintenance
%
. Genesis of
LT maintenance ’-

Cost of parts, development time

Fig. 6 A concept of maintenance revolution activities
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Table 2 Theme of maintenance revolution

Maximize total
operation hours

( 1) Reinforce of mechanical parts
{2 ) Counter-measure to severe

—1: Minimize the condition
periodical repair ( 3 ) Development of material

-2: Minimize the ( 4 ) Prevention from deterioration
MTTR ( 5) Diagnosis and estimation of

service life
{ 6) Free from maintenance skill
( 7) Shortening time of repair work
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Mechanical parts
Fig. 7 Needs for maintenance revolution in mechanical parts

Table 3 Technology te prolong mechanical parts” service-life

Theme Function and effect
Non-loosening nut Inner t #: Eccentricity

Effect of non-loosening
= Above 50 times
(compared with JIS nut}

~—y Non-roetating

Fatigue life = Above 2 times

Non-rotating
profile wire rope

Double raw tapered
roller bearing with
spherical sheet

Spherical
sheet

Service life = Above 2 times
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i
Continuous

Blast furnace Converter caster Hot strip mill Cold strip mill
Ironmaking Converter Continuous caster Hot strip miil Cold strip mill
Temperature (°C) 1500 1500 1200 1000 200
Speed (m/min) 25 1680 2800
Environment Dust D.USt’ Dust, scale, water Scale, water Oil, water
moisture
Damage mode Heat, wear corrosion Heat Heat, corrosion Heat, impact seizure Slip, seizure wear

Fig. 9 Factors to restrict equipment service life

Table 4 Developed technologies to prolong service life

Process .
Ironmaking Steelmaking Hot s};ﬁnp, plate, Cold strip
Deterioration shapes
Vibration ( Non-loosening nut )
( In-company developed )
L UJ spindle
Fatigue I
( Seal valve ] ( Blister resistant
t rubber lining
‘Wat,
aer f Heat crack resistant,
corrosion resistant, and -
L wear resistant material Functionally graded
Heat - multi layered overlay
| ;
c . Molten scale reactivity MnO build-up
orrosion resistant material resistant material
r Strong-and-tough ) "
L seal J Corrosion resistant, and
Friction wear wear resistant rubber
|

Diagnosis,
analysis

Boundary [ Material }
condition E
» Welding - Spraying

Lubrication  pipe marerial
Tribology

Toughness

Environment

Performance

- Stress, heat, temperature
-Modal - Failure physics

- le

Period
Service life

Fig. 8 Decision factors for mechanical service life
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Fig. 10 An example of mechanical life prolongation technology
attained by developed material
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Table 5 Technology aiming at shortening maintenance time

Quick change method

- Enlarged block change method free
from centering

Revamping of blast furnace

Automatic measurement
of equipment accuracy

ZYToscope sensor

- Centering device using 3 dimensional

Efficient mechanical
tools

- Pneumatic, hydraulic connecting
device
- Automatic handling-device
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1.2 Results of 12 main
facilities in Mizushima
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Fig. 11 Target of maintenance performance
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